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Advantages of X-ray which is emitted by dense plasma focus (DPF) are high-speed 

shutter and high energy. It can be used as a tool for researching on the property and structure 

of an object with high speed movement such as turbine blade. This is the target research for 

Thailand Plasma Focus 1 (TPF-1). The X-ray yield strongly depends on a pinch current (Ipinch), 

that is Yield X-ray pinch
4. In this work, Lee code is used to calculate the parameters of plasma 

focus in order to optimize the TPF-1 electrodes; anode radius (a), cathode radius (b) and 

electrodes length (z) for Argon or Neon as a working gas. The optimized electrode radii are  

a = 1.88 cm and b = 2.25 cm. The optimized electrode length depends on the filling gas, 5.2 cm 

and 3.5 cm for Neon and Argon, respectively. The important parameters of plasma focus 

consisting of pinch current, pinch temperature and pinch duration are calculated. Their values 

are 99.5 kA, 3.2 x 105 K and 30.8 ns for Neon gas and 99.5 kA, 1.9 x 105 K and 42.0 ns for 

Argon gas, respectively. 

 

1 Introduction 
 Plasma focus is a pulsed operating device that consists of two main units; power source 

and discharge unit as shown in figure 1(a). The power source uses a capacitor to store the 

electrical energy in order to discharge in a very short time. The discharge unit consists of an 

anode, a cathode, an insulator, and a ground plate. All components are installed inside the 

vacuum chamber. The equivalent circuit of the device is an RLC circuit. The resistor (R) is 

designed to yield the lowest resistance for the responding of the circuit as an underdamped 

waveform, while the inductance (L) and the capacitance (C) are designed to generate the 

responding frequency of the device. The plasma focus phenomenal consist of breakdown, axial 

acceleration and radius phases, occurs in a quarter of periodic time. The breakdown phase starts 

from the lower side of the electrodes around the insulator. The generated current forms a plasma 

sheet and propagates to the top of the electrode during the acceleration phase. The final phase 

is called radius phase that starts when the plasma sheet moves on top of the central electrode 

and collapses to the pinch [1-4].  
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Figure 1 (a) Plasma focus components and discharge phases, (b) plasma focus phase corresponding to the I-V 

characteristic 

 A discharge waveform of a typical plasma focus is shown in figure 1(b) illustrating the 

three phases. The electrodes length is designed for responding to the duration of the axial 

acceleration phase. Lee code is used as a tool to optimize the electrode dimension and plasma 

parameters such as anode radius, cathode radius, electrode length, pinch current and pinch 

duration. This paper is focused on X-ray that is emitted in the pinched state of the radius phase. 

Note that, the X-ray yield strongly depends on the pinch current, Yield X-ray pinch
4 [5-10]. In 

other word, the optimization aims to maximize the pinch current. 
 

2 Simulation Method 
 Thailand plasma focus-1 is a small plasma focus device with 1.5 kJ of electrical storage, 

30 mF with charging voltage 10 kV and the device inductance is 250 nH. The filling gases are 

optimized for Argon and Neon operating at the pressure between 1 - 10 Torr. The Lee code is 

used to calculate the pinch current at different device parameters such as anode radius, electrode 

length, filled pressure, and gas. The electrode length is varied for optimization of pinch current.  

The calculation outputs are shown in figure 2 (a) and (b) for Neon and Argon as a filled operated 

gas, respectively. 

 The anode and cathode radii are optimized for X-ray yield that is related to pinch current 

(Ipinch). Figure 3 (a) and (b) shows the calculation output for difference anode and cathode radii 

for Neon and Argon as a filling gas, respectively. Apparently, the optimized cathode radius is 

2.25 cm corresponding to condition with the highest X-ray yield for both gas type. The 

calculated data for difference anode radius shows that enhancement of X-ray yield occurs when 

the radius is increased. The average of anode radius from both gas at the highest X-ray yield is 

1.88 cm.     

(a) (b) 
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Figure 2 Calculated output from Lee code for pinch current at different electrode length with (a) Neon and (b) 

Argon gases. 

  

 

  

Figure 3 Optimization of anode and cathode radii by the X-ray yield for (a) Neon and (b) Argon Gases. 

 

3 Results 
 The optimized anode and cathode radii are used to re-calculate the pinch current and 

plasma parameters. Evidently, the output shows that the maximum pinch current is found at 

electrode lengths of 5.2 cm and 3.5 cm for Neon and Argon, respectively. The plasma focus 

parameters such as pinch current, pinch temperature, and pinch duration are calculated. Their 

values are 99.5 kA, 3.2 x 105 K and 30.8 ns for Neon gas and 99.5 kA, 1.9 x 105 K and 42.0 ns 

for Argon gas, respectively. 

  

(a) (b) 

(a) (b) 
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4 Conclusion and Discussion 
 Thailand Plasma focus device 1, TPF-1, is designed to produce the X-ray for measuring 

the structure of a high-speed device. The electrode dimension is calculated and optimized by 

Lee code for the high efficiency of X-ray emission that is estimated in term of Yield X-ray pinch
4. 

The finalized electrode dimension is 2.25 cm and 1.88 cm for cathode and anode radii. The 

electrode length strongly depends on the filling gas because of its effects on the speed of the 

plasma sheet in the acceleration phase.  The optimized electrode lengths are 5.2 cm and 3.2 cm 

for Neon and Argon, Respectively. 
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